Reiss, Hemphill, Gordon, and Cook (1949) applied a similar metlhod to urine, but give few details of their procedure. Gordon and Pelly (1951) have reported satisfactory results for deoxycorticosterone and deoxycorticosterone acetate employing the Hagedorn and Jensen (1923a and b) reaction but estimating colorimetrically the potassium ferrocyanide produced.
We have found that a slight modification of the micro blood-sugar method of Rappaport and Pistiner (1934) gives reproducible results in estimating reducing corticoids of urine. The test sample is heated with a buffered solution of potassium ferricyanide and the excess ferricyanide estimated by iodimetric titration.
We have employed the conditions suggested by for hydrolysis of conjugates (24 hours at pH 1 at rbom temperature). This is an arbitrary choice since, as pointed out by Marrian (1951) , no single procedure liberates all of the reducing corticoids in urine, and it is known (cf. Corcoran, Page, and Dustan, 1950; Cox and Marrian, 1951 ) that much higher yields,of formaldehydogenic steroid are obtained by glucuronidase hydrolysis. However, the enzymic methods are very expensive and the simpler and cheaper acid hydrolysis will probably be used in much routine work.
The term " reducing corticoid " is used for the material estimated in our method, following the valuable suggestions of Corcoran (1951) about the nomenclature of urinary materials of probable adrenocortical origin.
Experimental
Reagents.-The following were used. 1. Chloroform (B.P.) redistilled.
Sulphuric acid, 33% (v/v) (12N).
3. Potassium ferricyanide, 1.80 g. in 1,000 ml. water. 4. Dipotassium hydrogen phosphate (K2HP04, 21.0 g.) and potassium phosphate (tribasic) (K3P04, 63.8 g.) in 1,000 ml. water.
5. Zinc sulphate: 35.6 g. ZnSO4.7H:O in 100 ml.
water (-20% ZnSO4).
6. Potassium iodide: a 3% solution in 20% ZnSO4 is freshly prepared for each set of titrations.
7. Phosphoric acid: 20 ml. of sp. gr. 1.75 made up to 100 ml. with water.
8. Sodium hydroxide, 2 N and 0.1 N solutions. 9. Sodium thiosulphate: stock solution (0.1 N) diluted to 0.002 N, containing 6 ml. 2 N sodium hydroxide/ 1,000 ml. Extraction.-When the volume of the 24-hour collection is less than 1,500 ml. the volume is made up to this figure. The urine is adjusted to pH 1 (B.D.H. 0.5 indicator), using 33%/ sulphuric acid, and allowed to stand at room temperature for 24 hours (cf. . (The corticoid level is not appreciably affected by varying the time between 24 and 30 hours.) The lipids are extracted from 100 ml. of filtered urine by means of the continuous liquidliquid extractor (see Appendix) with 50 ml. of redistilled chloroform for 30 minutes.
Washing.-This stage largely follows the method of . The chloroform extract is washed with 5 ml. of distilled water (to remove basic impurities which may be present in the chloroform as their salts), then with three 5-ml. portions of 0.1 N sodium hydroxide and finally with three 5-ml. portions of distilled water. The last washing should be neutral to litmus. All seven aqueous washings are ice-cold and each is back extracted with 5 ml. chloroform, which is added to the bulk of the chloroform extract.
Concentration of Extract.-The chloroform extract is evaporated under reduced pressure (approximately 15 mm.) on a water-bath at or below 500 C. The residue is dissolved in 5 ml. ethanol, which is then evaporated off as before.
Estimation of Reducing Substances in the Extract.-The dry extract is dissolved in 4 rrl. ethanol and duplicate l-ml. portions of this solution are used for the determination. Duplicate blanks (1 ml. ethanol) and duplicate standards are determined in each titration run. The e hanolic solution or ethanol blank (1 ml.) is transferred to a test-tube of standard dimensions (15 x 1.5 cm.) to ensure uniform conditions of heating. Equal volumes of ferricyanide and phosphate buffer solutions are mixed, and 2 ml. of the mixture added to each tube; the estimation should then be completed without delay. Water (4 ml.) is added to each tube, the contents mixed, and the tubes supported in a wire basket which is placed in a waterbath just off the boil. The temperature is maintained at 90-95' C. for 10 minutes and the tubes are then cooled quickly to room temperature (15-20°C.) . To the first tube 1 ml. of the potassium iodide-zinc sulphate and 1 ml. of 20% phosphoric acid are added with mixing after each addition. The contents are then titrated with 0.002 N sodium thiosulphate, 1% starch solution (3 drops) being added as the end-point is approached. The other tubes are then titrated similarly.
The test and standard titration figures are subtracted from the blank titration, and the amount of deoxycorticosterone acetate equivalent to 1 ml. of urine extract is calculated. Since the titres are not strictly proportional to the D.O.C.A. contents of the standards, it is advisable for accurate work to run one standard containing more reducing corticoid and one containing less than the test sample.
Chloroform Blank.-In order to check reagents, a complete " method-blank " is carried out on each redistilled sample of chloroform by extracting 100 ml. water adjusted to pH 1 with 33% sulphuric acid with 50 ml. chloroform, and then proceeding in the ordinary way. The difference between this blank and the ethanol blank has never exceeded 0.04 ml. of 0.002 N thiosulphate (-4 ,ug. D.O.C.A.) and is usually less. An appropriate correction is made in the calculation of the results.
Ethanol BlanL-The difference between the ethanol blank titre and the titre obtained when the buffered ferricyanide is titrated directly with thiosulphate is very small (about 0.15 ml. 0.002 N thiosulphate) and varies little between different samples of ethanol (range, 0.06-0.19).
The method was originally tried using redistilled methanol instead of ethanol as solvent. This was unsatisfactory, since the methanol blank titres usually differed from the direct ferricyanide-thiosulphate titres by about 0.70 ml. 0.002 N thiosulphate (for one sample, 1.10 ml.).
Results
Reproducibility.-Since previous work on the copper reduction method had not regularly given reproducible results, much attention was paid to this matter in the ferricyanide method.
The reproducibility of the titrimetric stage of the method has been tested by estimating a number of identical samples in the same titration run (Table  I) and by a study of the duplicate estimations made during the whole course of the work (Table II) .
The reproducibility of the method as a whole was estimated,by extracting a number of urines in duplicate, and then estimating the reducing corti- Tables I and II are differences between blank and sample titres. D.O.C.A., cortisone, and urine extracts has been investigated ( Fig. 1 ). Curves similar to those shown in Fig. 1 were obtained during the earlier work using ethanol or methanol, and heating for 15 or 20 minutes instead of 10 minutes. It has also been shown that the proportionality is not improved by using a larger excess of ferricyanide.
Recoveries
Recovery after Partition in Separating Funnels and Washing.-Portions of water (100 ml.) acidified to pH 1 were taken to represent urine. In partition studies, 0.5-3.0 ml. of a solution of the reducing corticoid in ethanol or chloroform was added to the acidified water, and this was then extracted in a separating funnel by 45 ml. chloroform, the solvent capacity of the extractor. The solvent was washed as usual (p. 191) , and the percentage recovery estimated by comparison with a similar but unprocessed corticoid sample (Table III) . Since the nature of the reducing lipid material in urine is unknown, recovery experiments with known cortical steroids (deoxycorticosterone, cortisone, and their acetates) were supplemented by experiments in which the crude lipid extracted from urine was added to water (or urine) and submitted to extraction and washing.
Recovery (Washing Stage Only).-In washing studies, the 0.5-3.0 ml. of corticoid solution was added to the 45 ml. chloroform after this had been separated from the acidified water as above, and the solution then washed and reducing corticoids determined as usual. In either case, solvent blanks (0.5-3.0 ml. without added corticoid) were put through the same sequence. Percentage recovery values, each the mean of at least three runs, usually agreeing within 5%, are reported in Table III figure) and the total number of estimations (second figure), the mean of which is reported.
at pH 1.0 at room temperature for about 24 hours; the urine was well shaken and extraction, washing, and estimation were performed in the usual way; 1-2 ml. of ethanol was added to 100 ml. samples of the same urine to provide overall recovery blanks. The results are shown in Robinson and Warren (1948) designed a liquid-liquid extractor in which urine passes from a separating funnel under gravity down a vertical glass tube bearing four small jets at its lower end, and emerges as a fine spray at the base of a column of chloroform surrounding the inner tube. Since air is excluded, the urine droplets rise through the solvent without emulsifying and their lipid content is partly extracted; they coalesce in a supernatant layer which is collected via a side-arm in a receiver, from which it is returned manually to the separating funnel for recirculation. Ton such cycles, occupying 50-70 minutes, produce an extract which, after purification, is " sufficient for chemical determination," though complete extraction is not claimed . The apparatus is semi-automatic, inexpensive, and fairly rapid in operation. In the present work several possibilities of improving its design were investigated. A preliminary communication on the development of the extractor has been made .
Improvements in Extractor Design
Speed of Operation.-The " turnover" (volume of urine passing through the solvent in 30 minutes) of the Robinson-Warren extractor was much below the minimal rate at which emulsions would develop; any possible increase in the turnover would hasten the extraction of the corticoids by the solvent. The number of jets was therefore increased and the effective heights of both urine and chloroform columns were raised to the maximum consistent with the volumes used (100 ml. and 40 ml. respectively). The head of pressure exerted by the urine column was thereby raised from 14 to 25 cm. water and the turnover in 30 minutes was increased from 0.45-0.60 1. to 2.7 1.
The urine thus completed 27 circulations through the solvent in 30 minutes instead of about five as hitherto.
Ease of Operation.-The use of air pressure to circu. late urine has been found convenient; the apparatus here described, which was based in part on the soil percolator of Lees (1947 Lees ( , 1948 , is the most satisfactory one developed (Fig. 1) . A siphon tube S leads from the receiver to the separating funnel F via a standard joint stopper FA in the neck of the latter. Urine is drawn upwards by the slight vacuum created in the funnel by a filter pump, and discharged under gravity at the base of the chloroform column CC for re-extraction. No bubbler-tube, as used by Lees, is necessary when air may be safely admitted at the level of the receiver; in one experiment it was shown that aeration of urine does not reduce its corticoid assay level; however, if an inert atmosphere were desired, the stopper which fits loosely over the receiver to silence the noise of air intake and to exclude dust could be replaced by a standard cone bearing a bubbler-tube connected to a nitrogen cylinder or pump.
In Lee's percolator liquid collects during the cycle in the receiver and passes on to the next stage in bulk. In the present apparatus the circulation has been made continuous by minimizing the vacuum exerted and by using a siphon tube of at least 5 mm. inner diameter. When supernatant droplets of urine are drawn up the siphon in a constant stream of air as quickly as they collect, the turnover, and hence the extraction rate, are maximal because the vacuum within the funnel is too slight to resist effectively the downward flow of urine. The apparatus is self-adjusting over a range of low vacua. If too much urine collects in the receiver, the siphon becomes closed; the vacuum then increases until all the urine has been drawn into the funnel; air follows, the vacuum diminishes, and the turnover resumes the normal level.
Uniformity of Performance.-In the RobinsonWarren extractor some urines, especially viscous ones of high protein content, produce a collection of solid particles at the interphase ; after a few cycles these hinder the coalescence of the droplets or are carried over to block the jets. This would alter the performance of the apparatus. Furthermore the clearing of the jets after each extraction involves dismantling the whole apparatus. A separate receiver was therefore replaced by a cylindrical glass vessel R, the floor of which was a sintered glass plate, SP (the coarsest and widest available), mounted vertically above the chloroform column CC by a standard joint. Supematant urine can force its way through the sintered plate, while solid particles are retained. The urine collects in the cylinder R above and is returned to the separating funnel via the siphon tube S. Since chloroform for charging the column will not flow downward through the filter under gravity, an inlet funnel CT is provided. Chloroform poured into CT can enter the column via two mutually opposed holes in the surface of the socket and cone of the joint; then to close the opening, the holes are separated by a halfturn of the receiver. (135, 169, 156); 30 minutes: 190 (196, 198, 177); 60 minutes: 197, (177, 202, 211); 120 minutes: 213 (207, 219) .
Since the corticoid value was little increased by extraction for periods greater than 30 minutes, this period of running was adopted in the standard procedure. Replacement of the 50 ml. chloroform in the extractor by fresh solvent after 15 minutes raised the assay level slightly (about 15%); the difference seemed insufficient to justify adopting this measure regularly.
To determine whether incidental aeration of urine during its circulation in the extractor might reduce the level of corticoid determined, filtered air was bubbled for 30 minutes through mixtures of 45 ml. chloroform and 100 ml. water adjusted to pH 1, to which 0.5 ml. of a methanolic solution of neutral urinary lipid had been added. The mixtures were washed and measured as usual; similar mixtures which had not been specially aerated were also put through as controls. The mean value for the aerated material was 68 (i-g. D.O.C.A.), for the control material 71 pg.
Comparison with Other Methods of Urine Extraction.-Portions of the same normal urine (100 ml.) and a total of 45 to 50 ml. of chloroform were used in each trial. The Robinson-Warren apparatus was ran manually, 10-12 circulations occupying 50-60 minutes. The continuous extractor was operated for 30 minutes. In separating-funnel extractions the urine was extracted by three 15-ml. portions of chloroform with centrifugation at 2,000 r.p.m. for 20 minutes between separations to clear emulsions. Each trial included three or four extractions by each method; the extracts were washed, concentrated, and measured colorimetrically in triplicate as usual. 
